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1
BATTERY MODULE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s a continuation of U.S. appli-
cation Ser. No. 13/222,211, filed Aug. 31, 2011, which
claims priority to Japanese Application No. 2010-201918,

filed Sep. 9, 2010, and claims priority to Japanese Applica-
tion No. 2010-227749, filed Oct. 7, 2010, the entire contents

of each of which are incorporated by reference herein.

BACKGROUND

The present application relates to a battery unit, particu-
larly, a battery unit that has high energy density and 1is
resistant to external stress.

In the related art, development of more sate and high
convenient battery unit 1s expected as an important point
toward the spread of electric motor vehicles or a smart grid.

For example, Japanese Unexamined Patent Application
Publication No. 2009-105058 discloses an assembled bat-
tery that can be eflectively assembled and can safely perform
the wiring operation.

SUMMARY

From the past, various battery units are developed, but a
battery umt will be necessary which has a high energy
density and 1s resistant to external stress 1n the future.

It 1s desirable to provide a battery unit that has a high
energy density and 1s resistant to external stress.

According to an embodiment, there 1s provided a battery
unit which includes a battery cell that charges and discharges
clectric power; and a bracket that has an outer peripheral
wall portion surrounding an outer peripheral side of the
battery cell, and a support body that 1s provided inside the
outer peripheral wall portion and supports the battery cell,
wherein two battery cells are inserted from a front surface
side and a back surface side of the bracket into the outer
peripheral wall portion and are mounted on both side
surfaces of the support body.

In an embodiment, the battery unit includes the battery
cell that charges and discharges electric power; and the
bracket that has an outer peripheral wall portion surrounding,
an outer peripheral side of the battery cell, and the support
body that 1s provided inside the outer peripheral wall portion
and supports the battery cell. Moreover, two battery cells are
inserted from the front surface side and the back surface side
ol the bracket into the outer peripheral wall portion and are
mounted on both side surfaces of the support body.

According to an embodiment, 1t 1s possible to provide a
battery unit that has a high energy density and 1s resistant to
external stress.

Additional features and advantages are described herein,
and will be apparent from the following Detailed Descrip-
tion and the figures.

BRIEF DESCRIPTION OF THE FIGURES

FIGS. 1A and 1B are perspective views that show con-
figuration examples of a first embodiment of a battery unit
to which an embodiment 1s applied;

FIG. 2 1s a perspective view of a state 1n which a battery
unit 1s disassembled:

FIGS. 3A to 3C are diagrams that explain an arrangement
of a bus bar;
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2

FIGS. 4A and 4B are diagrams that describe a protective
structure of a battery cell;

FIGS. 5A to 5C are diagrams that describe a terminal
connection structure of the battery cell;

FIGS. 6A to 6C are diagrams that describe a connection
structure between a bracket and a bus bar;

FIGS. 7A to 7C are diagrams that describe a hanging hole
provided in the bus bar;

FIGS. 8A to 8C are diagrams that describe shapes of the
bus bar;

FIG. 9 1s a diagram that describes a configuration example
ol a battery module with a battery unit combined therewith;

FIG. 10 1s a diagram that describes a direction of a
terminal of a parallel block;

FIGS. 11A and 11B are diagrams that describe a scheme

for preventing a mistake 1n the insertion direction of the
parallel block;
FIG. 12 15 a diagram that describes a scheme for prevent-
ing a mistake in the isertion direction of the parallel block;
FIG. 13 1s a diagram that shows a concave portion and a
convex portion formed 1n the bracket;

FIGS. 14 A and 14B are diagrams that describe a direction

upon stacking three battery units;

FIG. 15 1s a diagram that shows an example of the case
where the parallel block 1s 1nserted 1nto a module case 1n a
correct direction;

FIG. 16 1s a diagram that shows an example of the case
where the parallel block 1s inserted mnto a module case 1n an
incorrect direction;

FIG. 17 1s a perspective view that shows a modified
example of a battery unit of a first embodiment;

FIG. 18 1s a diagram that describes a configuration in
which a cooling case 1s mounted on a battery unait;

FIGS. 19A and 19B are diagrams that show a battery unit
in a state in which the cooling case 1s mounted;

FIGS. 20A and 20B are diagrams that describe a structure
that fixes the cooling case;

FIGS. 21A and 21B are diagrams that describe a protec-
tive structure in the battery unit;

FIG. 22 1s an exploded diagram that shows a configuration
example of a second embodiment of a battery unit to which
an embodiment 1s applied;

FIG. 23 1s a diagram that shows a structure of aluminum
corrugation;

FIG. 24 1s a diagram that describes circulation of refrig-
erant of a battery unait;

FIG. 25 1s a diagram that describes a configuration that
connects terminals of a plurality of battery units;

FIGS. 26 A and 26B are diagrams that show a connection
configuration of a terminal and a connector;

FIGS. 27A and 27B are perspective views of the connec-
tor;

FIGS. 28A and 28B are enlarged views of the terminal and
the connector; and

FIGS. 29A and 29B are diagrams that describe the fixing
of the connector.

DETAILED DESCRIPTION

Embodiments of the present application will be described
below 1n detail with reference to the drawings.

FIGS. 1A and 1B are perspective views that show a
configuration of a first embodiment of a battery unit to which
an embodiment 1s applied.

FIGS. 1A and 1B show a battery unit 11 that 1s viewed
from different sides, respectively, a side mainly shown 1n
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FIG. 1A 1s a front surface side of the battery unit 11, and a
side mainly shown in FIG. 1B 1s a back surface side of the
battery unit 11.

As shown in FIGS. 1A and 1B, the battery unit 11 includes
battery cells 12-1 and 12-2, a bracket 13, and bus bars 14-1
and 14-2.

The battery cells 12-1 and 12-2 are provided such that a
battery element, for example, including a battery material
such as lithium 1on metal oxide 1s packaged using an
insulation sheet such as a laminate film to constitute a cell
main body, and an electrode terminal for charging or dis-
charging electric power on both side surfaces of the cell
main body is electrically connected to the battery element.

The bracket 13 1s a support tool for securing strength of
the battery cells 12-1 and 12-2, the battery cell 121 1s
mounted on the front surface side of the bracket 13, and the
battery cell 122 1s mounted on the back surface side of the
bracket 13. In addition, bracket 13 has substantially the same
shape even when viewed from any side of the front surface
side and the back surface side, but a chamiered portion 15
1s formed 1n one lower comer portion, a side where the
chamiered portion 15 1s viewed in a right down 1s a front
surface side, and a side where the chamiered portion 135 1s
viewed 1n a left down 1s a back surface side.

The bus bars 14-1 and 14-2 are metallic members having
an approximately L shape and are mounted on both side
surfaces of the bracket 13 so that the connection portion to
be connected to the electrode terminals of the battery cells
12-1 and 12-2 are disposed on the side surface of the bracket
13 and the terminal to be connected to the outside of the
battery unit 11 1s disposed on the upper surface of the
bracket 13.

Next, FIG. 2 shows a perspective view in the state 1n
which the battery unit 11 1s disassembled, the upper side of
FIG. 2 1s a front surface side of the battery unit 11, and the
downside of FIG. 2 1s the back surface side of the battery
unit 11.

As shown 1n FIG. 2, the battery cell 121 has electrode
terminals 21-1 and 22-1 formed so as to be protruded
outward from both side surfaces of a square plate-shaped
cell main body 23-1, respectively. The electrode terminals
21-1 and 22-1 are provided so as to be extended along one
surface (a surface of the front surface side in an example of
FIG. 2) of the cell main body 23-1. Thus, the battery cell 121
has a convex shape in which the cell main body 23-1 1s
protruded from the surface with the electrode terminals 21-1
and 22-1 provided thereon.

Similarly, the battery cell 122 has a convex shape 1n
which the electrode terminals 21-2 and 22-2 are provided on
the other surface (a surface of the back surface side 1n the
example of FIG. 2) of the cell main body 23-2 and the cell
main body 23-2 i1s protruded from the surface with the
clectrode terminals 21-2 and 22-2 provided thereon.

Moreover, the battery cells 12-1 and 12-2 are mounted on
the bracket 13 in the state of being combined toward the cell
main bodies 23-1 and 23-2 side having the convex shape.
That 1s, the battery cells 12-1 and 12-2 are mounted on the
bracket 13 so that the surface with the electrode terminals
21-1 and 22-1 provided thereon faces the front surface side
and the surface with the electrode terminals 21-2 and 22-2
faces the back surface side, respectively.

The bracket 13 has an outer peripheral wall 24 and a rib
portion 25. The outer peripheral wall 24 1s slighter wider
than the outer peripheries of the cell main bodies 23-1 and
23-2 of the battery cells 12-1 and 12-2, that is, the outer
peripheral wall 24 1s formed so as to surround the cell main
bodies 23-1 and 23-2 in the state 1n which the battery cells
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12-1 and 12-2 are mounted. The rib portion 25 1s formed on
the mner side of the outer peripheral wall 24 so as to be
extended inward from a central portion in the thickness
direction of the outer peripheral wall 24.

In the configuration of FIG. 2, the battery cells 12-1 and
12-2 are inserted from the front surface side and the back
surface side of the bracket 13 into the outer peripheral wall
24, and bonded to both side surfaces of the rib portion 25 of
the bracket 13 by double-sided tapes 16-1 and 16-2 having
adhesiveness on both sides. The double-sided tapes 16-1 and
16-2 have an approximately [ ] shape of a predetermined
width along the outer peripheral ends of the battery cells
12-1 and 12-2, and the rib portion 25 of the bracket 13 may
be provided by an area where the double-sided tapes 16-1
and 16-2 are bonded.

In this manner, the rib portion 25 1s formed so as to be
extended mward from the mside of the outer peripheral wall
24 by a predetermined width along the outer peripheral end
of the battery cells 12-1 and 12-2, and the mside of the nb
portion 25 1s an opening portion. Thus, between the battery
cell 121 bonded to the rib portion 25 by the double-sided
tape 16-1 from the front surface side of the bracket 13 and
the battery cell 122 bonded to the rib portion 25 by the
double-sided tape 16-2 from the back surface side of the
bracket 13, a gap 1s generated by the opening portion.

That 1s, since the opening portion 1s formed 1n the central
portion of the bracket 13, the battery cells 12-1 and 12-2 are
mounted on the bracket 13 to have a gap of a total dimension
of the thickness of the nb portion 25 and the thickness of the
double-sided tapes 16-1 and 16-2. For example, although a
slight bulging 1s generated 1n the battery cells 12-1 and 12-2
due to charging or discharging or the generation of gas, the
gap provided by the gap becomes a space that releases the
bulging of the battery cells 12-1 and 12-2. Thus, 1t 1s
possible to exclude the influence or the like 1n which the
whole thickness of the battery unit 11 1s increased by the
bulging portion of the battery cells 12-1 and 12-2.

Furthermore, when bonding the battery cells 12-1 and
12-2 to the rib portion 25, in a case where the bonding area
1s wide, considerable pressure 1s necessary, but by limiting
the bonding surface of the rib portion 25 to the outer
peripheral end, it 1s possible to effectively apply the pressure
and easily bond. As a result, 1t 1s possible to reduce stress
applied to the battery cells 12-1 and 12-2 during manuiac-
turing.

Furthermore, as described below using FIGS. 6A to 6C,
the bus bars 14-1 and 14-2 are mounted on both side surfaces
of the bracket 13 by the use of the claw and pressure-iit,
respectively. The electrode terminal 21-1 of the battery cell
121 and the electrode terminal 21-2 of the battery cell 122
are bonded to the bus bar 14-1, and the electrode terminal
22-1 of the battery cell 121 and the electrode terminal 22-2
of the battery cell 122 are bonded to the bus bar 14-2.

As shown 1n FIG. 2, by attaching two battery cells 12-1
and 12-2 to one bracket 13, for example, 1t 1s possible to
reduce the thickness and the space of the bracket 13 cases
compared to the case of attaching one battery cell to one
bracket. As a result, the energy density can be improved.

Furthermore, since the rigidity in the thickness direction
of the battery unit 11 by a synergic eflect that can bond two
battery cells 12-1 and 12-2, the rib portion 25 of the bracket
13 can be thinned. That 1s, for example, even when the
thickness of the rib portion 23 is equal to or less than 1 mm
(about thickness limit of resin molding) of the rib portion 25,
the battery cells 12-1 and 12-2 can be bonded on both side
surfaces of the rib portion 25, whereby it 1s possible to obtain
suitable rigidity 1n the battery unit 11 as a whole. Moreover,
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by thinning the thickness of the rib portion 25, the thickness
of the battery unit 11 1s thin and the volume 1s reduced, with
the result that the energy density of the battery unit 11 can
be 1mproved.

Furthermore, in order to heighten tolerance to external >
stress, the battery unit 11 has a structure in which the outer
peripheral surfaces (both sides and upper and lower sur-
faces) of the battery cells 12-1 and 12-2 do not come 1nto
contact with the imner peripheral surface of the outer periph-
eral wall 24 of the bracket 13, and the wide surfaces of the
battery cells 12-1 and 12-2 are bonded to the rib portion 25.

Owing to such a configuration, it 1s possible to realize a
battery unit 11 that has a high energy density and is resistant
to external stress.

Next, the arrangements of the bus bars 14-1 and 14-2 will

be described based on FIGS. 3A to 3C.
FIG. 3A shows a front view of the battery unit, FIG. 3B

shows a cross-sectional view in the direction of an arrow
IIIB-IIIB shown 1n FIG. 3A, and FIG. 3C shows an exploded »g
view of a left end portion 1n the cross-sectional view of FIG.
3B.

Herein, as mentioned above, the battery cells 12-1 and
12-2 are mounted on the bracket 13 1n the state of being
combined with each other toward the cell main bodies 23-1 25
and 23-2 sides having a convex shape. For that reason,
between the electrode terminal 21-1 of the battery cell 121
and the electrode terminal 21-2 of the battery cell 122, a
space corresponding to the thicknesses of the cell main
bodies 23-1 and 23-2 1s provided. Similarly, a space 1s also 30
provided between the electrode terminal 22-1 of the battery
cell 121 and the electrode terminal 22-2 of the battery cell
122. Thus, the bus bars 14-1 and 14-2 are disposed by the
use of the space.

As shown 1n FIG. 3C, it 1s possible to dispose the bus bar 35
14-2 in the space formed between the electrode terminal
22-1 of the battery cell 121 and the electrode terminal 22-2
of the battery cell 122 to secure a seat surface upon welding
the bus bar 14-2 and the electrode terminals 22-1 and 22-2,
and 1t 1s possible to secure great cross-sectional area for 40
causing a large electric current to tlow.

Furthermore, by disposing the bus bars 14-1 and 14-2, 1t
1s possible to reduce the dimension W of the width direction
of the battery unit 11 to promote a reduction in the size of
the battery unit 11. 45

In addition, although the electrode terminals 21-1 and
22-1 of the battery cell 12-1 and the electrode terminals 21-1
and 22-2 of the battery cell 122 are disposed on both side
surfaces of the battery unit 11, 1t 1s possible to integrate the
terminal connected to the outside of the battery unit 11 on 50
the upper surface side of the battery unit 11 by the bus bars
14-1 and 14-2.

Next, a protective structure of the battery cells 12-1 and
12-2 by the bracket 13 will be described with reference to
FIGS. 4A and 4B. 55

FIG. 4A shows a front view of the battery unit 11 and a
cross-sectional view 1n the direction of an arrow IIITA-IIIIA
shown 1n the front view, and FIG. 4B shows an exploded
view of upper and lower end portions 1n the cross-sectional
view ol FIG. 4A. 60

As mentioned above, the cell main bodies 23-1 and 23-2
of the battery cells 12-1 and 12-2 have their battery elements
packaged using a laminate film or the like, and there 1s a
necessity to protect them from stress or shock from the
outside. For this reason, the bracket 13 has a structure that 65
has a function of holding and protecting the battery cells
12-1 and 12-2 in combination.
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As shown 1n FIG. 4B, the bracket 13 1s formed so that a
gap d1 1s provided between the outer peripheral sides of the
battery cells 12-1 and 12-2 and the inner peripheral side of

the outer peripheral wall 24 1n the state in which the battery
cells 12-1 and 12-2 are mounted on the bracket 13.

r

T'hat 1s, a longitudinal dimension of the outer peripheral
wall 24 of the bracket 13 1s designed so as to be a dimension
of adding the upper gap dl and the lower gap dl to the
longitudinal dimensions of the cell main bodies 23-1 and
23-2 of the battery cells 12-1 and 12-2. Similarly, a trans-
verse dimension of the outer peripheral wall 24 of the
bracket 13 1s designed so as to be a dimension of adding the
right gap d1 and the left gap d1 to the transverse dimensions
of the cell main bodies 23-1 and 23-2 of the battery cells
12-1 and 12-2.

In this manner, since the outer peripheral side surfaces,
which are low 1n strength, of the battery cells 12-1 and 12-2
are surrounded by the bracket 13 at the gap d1, shock from
the outside being directly transmaitted to the outer peripheral
portions of the battery cells 12-1 and 12-2 1s avoided. That
1s, the bracket 13 has a protective structure that protects the
battery cells 12-1 and 12-2 from external shock.

Furthermore, the bracket 13 1s formed so as to be higher
than the thicknesses of the battery cells 12-1 and 12-2 by the
gap d2. For example, the depth from the surface or the back
of the outer peripheral wall 24 of the bracket 13 to the nb
portion 25 1s designed so as to be a dimension (in addition,
in the case of using the double-sided tape 16 (FIG. 2), a
dimension that considers the thickness of the double-sided
tape 16) that adds the gap d2 to the thicknesses of the battery
cells 12-1 and 12-2. As a result, the bracket 13 can also
receive the stress in the thickness direction, which can
protect the battery cells 12-1 and 12-2 from the stress 1n the
thickness direction.

Next, a terminal connection structure of the battery cells
12-1 and 12-2 will be described with reference to FIGS. 5A
to 5C.

FIG. 5A 1s a perspective view of the battery unit 11, FIGS.
5B and 5C are exploded views of the terminal portion.

For example, as shown 1n FIG. SA, the electrode terminal
21-1 of the battery cell 121 1s a terminal of a negative side,
and the electrode terminal 22-1 1s a terminal of a positive
side. Similarly, the electrode terminal 21-2 of the battery cell
122 1s a terminal of a negative side, and the electrode
terminal 22-2 1s a terminal of a positive side.

In FIG. 5B, the electrode terminal 21-1 and the electrode
terminal 21-2 are disposed to face each other and are
connected to the bus bar 14-1, and the electrode terminal
22-1 and the electrode terminal 22-2 are disposed to face
cach other and are connected to the bus bar 14-2. In this
manner, by the connection configuration 1n which the same
poles are connected to each other as an opposite arrange-
ment, the capacity of the battery unit 11 becomes twice that
of the battery cell single body.

Furthermore, 1n FIG. 5C, the electrode terminal 21-1 and
the electrode terminal 22-2 are disposed to face each other
and are connected to the bus bar 14-1', and the electrode
terminal 22-1 and the electrode terminal 22-2 are disposed
to face each other and are connected to the bus bar 14-2'. In
this manner, by the connection configuration in which the
different poles are connected to each other as an opposite
arrangement, the voltage of the battery unit 11 becomes
twice that of the battery cell single body. In addition, unlike
the bus bars 14-1 and 14-2, the bus bars 14-1' and 14-2' adopt
a structure which 1s divided 1nto two parts by a dotted line
shown 1n FIG. 5C.
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In this manner, 1n the battery unit 11, by selecting the
directions of the battery cells 12-1 and 12-2 upon being
mounted on the bracket 13 and adopting a suitable bus bar,
the connection between the same poles or between the
different poles 1s possible. Furthermore, by the use of the
low cost battery cells 12-1 and 12-2, it 1s possible to create
the battery unit 11 of a serious consideration of capacity or
a serious consideration of voltage at low cost.

Next, a connection structure between the bracket 13 and

the bus bars 14-1 and 14-2 will be described with reference
to FIGS. 6A to 6C.

FIG. 6 A shows a perspective view of the battery unit 11,
FIG. 6B shows a perspective view of the bracket 13 and the
bus bars 14-1 and 14-2, and FIG. 6C shows an exploded
view ol the connection portion.

As shown 1n FIG. 6A, the bus bars 14-1 and 14-2 are
mounted from both side surfaces of the bracket 13 so that the
terminals 31-1 and 31-2 to be electrically connected to the
outside of the battery unit 11 are disposed on the upper
surface side of the bracket 13. Moreover, 1n the bus bars 14-1
and 14-2, the side surface portions 32-1 and 32-2 to be
disposed on the side surface of the bracket 13 are fixed to the
bracket 13.

Herein, 1in a fixing method of fixing the bus bars 14-1 and
14-2 to the bracket 13, a one-touch installation without using
a screw 1s adopted, and for example, the fixing 1s performed
by a fixing method using a pressure-fit and a fixing method
using a claw.

In the fixing method using the pressure-fit, pressure-fit
portions 33-1 and 33-2 formed 1n the lower end portions (the
end portion of an opposite side of a side where the terminals
31-1 and 31-2 are provided) of the bus bars 14-1 and 14-2
are used. The pressure-fit portions 33-1 and 33-2 have an
approximately U-shaped cross section, and the exterior
dimensions of both sides are designed to dimensions capable
of being pressure-fitted with respect to the dimension of a
groove formed on the side of the bracket 13.

Furthermore, 1n the fixing method using the claw, notch
portions formed near the upper ends of the side surface
portions 32-1 and 32-2 of the bus bars 14-1 and 14-2 are
used. In FIG. 6C, the vicinity of the notch portion 34-2
formed 1n the bus bar 14-2 1s shown 1n an enlarged manner,
and a claw portion 41 corresponding to the notch portion
34-2 1s formed in the bracket 13. Thus, by plugging the bus
bar 14-2 into the bracket 13 from the side surface, the claw
portion 41 1s engaged with the notch portion 34-2, and the
bus bar 14-2 1s fixed to the bracket 13. Similarly, although
it 1s not shown, the bus bar 14-1 1s also fixed by the use of
the claw portion 41 and the notch portion 34-2.

In this manner, the bus bars 14-1 and 14-2 are fixed to the
bracket 13, whereby, a design having a screw length nec-
essary 1n terms of strength 1s not necessary but the battery
unit 11 can be reduced 1n size, for example, compared to the
case of adopting the fixing method using the screw. Further-
more, by adopting the fixing method using the pressure-fit
and the claw, 1t 1s possible to fix the bus bars 14-1 and 14-2
to the bracket 13 with mimimum effort.

Furthermore, since force due to the terminal or the con-
nector 1s applied to the terminals 31-1 and 31-2, by adopting
the fixing by the claw on the terminals 31-1 and 31-2 side of
the side surface portions 32-1 and 32-2, the bus bars 14-1
and 14-2 are prevented from being removed Ifrom the
bracket 13.

In the bus bars 14-1 and 14-2, plating 1s performed so as
to have corrosion resistance. Generally, in the processing of
performing the plating, 1t 1s necessary that the components
are suspended by a wire, and 1t 1s necessary that suspension
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holes for suspending by a wire are also provided 1n the bus
bars 14-1 and 14-2. In the case of providing the suspension
hole 1n a portion where the electric current passes through
the bus bars 14-1 and 14-2 when being assembled as the
battery unit 11, since the cross-sectional areas of the bus bars
14-1 and 14-2 are reduced, this case 1s undesirable upon
causing a large electric current to flow.

Thus, the suspension holes (through holes) provided 1n

the bus bars 14-1 and 14-2 will be described with reference
to FIGS. 7A to 7C.

FIG. 7A shows a front view of the battery unit 11, FI1G. 7B
shows a perspective view of the state in which the bracket
13, and the bus bars 14-1 and 14-2 are combined with each
other, and FIG. 7C shows a perspective view of the bus bar
14.

In FIG. 7A, arange shown in the bus bar 14-2 by an arrow,
that 1s, a range from a position depending on the lower end
of the electrode terminal 22-1 of the battery cell 121 to a tip
of the terminal 31-2 1s a range through which the electric
current passes.

Thus, outside the range through which the electric current
passes, that 1s, as shown 1n FIG. 7C, 1n a pressure-fit portion
33 provided 1n the lower end of the bus bar 14, a suspension
hole 35 1s formed. In this manner, by providing the suspen-
sion hole 335 outside the range through which the electric
current passes, 1t 1s possible to avoid a reduction 1n cross-
sectional area of the range through which the electric current
passes.

Furthermore, the bus bar 14 plays the role of collecting
and transmitting the electric current from the battery cells
12-1 and 12-2, but, 1n order to cause a large electric current
to flow, a certain degree of cross-sectional area 1s necessary.
Since 1t 1s difficult to make the width of the terminal 31
wider than the width of the battery unit 11, 1n some cases, 1t
1s diflicult to achieve a suflicient width due to a geometric
constraint. Thus, 1n the bus bar 14, the cross-section area 1s
secured without widening the width by folding back (hem-

ing bend) the material.
The shape of the bus bar 14 will be described based on

FIGS. 8A to 8C.

FIG. 8A shows a perspective view of the bus bar 14, and
FIGS. 8B and 8C show enlarged views of the vicinity of the
terminal 31.

As shown 1n FIGS. 8A to 8C, in the bus bar 14, the side
surface portion 32 connected to the electrode terminals 21 or
22 of the battery cell 12 has a shape 1n which the metal plate
material 1s bent 1n the form of an approximate U shape. On
the contrary, 1t 1s necessary that the terminal 31 1s thin to fit
the width of the battery unit 11, the terminal 31 has a
structure 1n which the metal plate material 1s folded back 1n
this portion.

Furthermore, 1n this manner, in the case of folding back
the metal plate material, a notch necessary after the working
1s formed 1n the base thereof, and notches 36 and 37 are
formed 1n the bus bar 14. Herein, the formed positions of the
notches 36 and 37 are shifted. For example, 1 the notches 36
and 37 are formed from the opposite sides of the same
position, respectively, the cross-section 1n partially becomes
thin 1n that position.

Thus, by shifting the forming position of the notches 36
and 37 along the direction in which the electric current
passes through the bus bar 14, 1t 1s possible to avoid the
cross-section becoming partially thin.

The battery unit 11 1s configured as mentioned above, and
a plurality of battery units 11 1s combined with each other so
that a predetermined voltage can be obtained.
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Next, a configuration example of a battery module will be
described 1n which the battery units 11 are combined with
cach other based on FIG. 9.

The battery module 51 includes a module case 52, a
rubber sheet portion 53, a battery portion 34, a battery cover
55, a fixing sheet portion 56, an electric part portion 57, and
a module cover 58.

The module case 52 i1s a case for storing the battery unit
11 and mounting the same on the equipment used, and 1n the
configuration example of FIG. 9, the module case 52 has a
dimension capable of storing 24 battery units 11.

The rubber sheet portion 33 1s a sheet that 1s laid on the
bottom surface of the battery unit 11 to mitigate shock or the
like. In the rubber sheet portion 53, a sheet of rubber sheet
1s provided for each three battery units 11, and eight rubber
sheets are provided so as to cope with 24 battery units 11.

In the configuration example of FI1G. 9, the battery portion
54 1s configured so that 24 battery units 11 are combined
with each other. Furthermore, the battery portion 34 has a
connection configuration in which three battery units 11 are
connected to each other in parallel to configure a parallel
block 61, and eight parallel blocks 61 are connected to each
other 1n series.

The battery cover 55 1s a cover for fixing the battery
portion 54, and 1s provided with an opening corresponding,
to the terminal 31 of the bus bar 14 of the battery unit 11.

The fixing sheet portion 56 1s a sheet which 1s disposed on
the upper surface of the battery cover 55, comes into close
contact with the battery cover 535 and the module cover 58
and 1s fixed thereto when the module cover 58 1s fixed to the
module case 52.

The electric part portion 57 has electric components such
as a metal plate material that connects the terminal 31 of the
bus bar 14 of the battery unit 11 or a charging or discharging,
control circuit that controls the charging or the discharging
of the battery unit 11. The charging or discharging circuit 1s
disposed 1n a space, for example, between the bus bars 14
forming two rows 1n the battery portion 54.

The module cover 58 1s a cover for closing the module
case 52 after each portion 1s stored 1n the module case 52.

Herein, a parallel block 61, in which three battery units 11
are connected to each other, 1s connected to the battery
module 51 1n series, whereby the battery portion 54 1s
configured, and the series connection 1s performed by the
metal plate material included in the electric part portion 57.
Thus, 1n the battery portion 34, the parallel blocks 61 are
disposed, respectively, so that the direction of the terminal 1s
alternated for each parallel block 61, that 1s, a positive
terminal and a negative terminal are aligned by the parallel
blocks 61 adjacent to each other. Thus, 1n the battery module
51, there 1s a necessity for a scheme of avoiding the
terminals of the same poles being aligned by the parallel
blocks 61 adjacent to each other.

For example, as shown i FIG. 10, a parallel block 61-1
constituted by the battery umits 11-1 to 11-3 and a parallel
block 61-2 constituted by the battery umts 11-4 to 11-6 are
stored within the module case 52 by an arrangement 1n
which the positive terminal i1s adjacent to the negative
terminal.

In order to restrict to be such an arrangement, a chamifered
portion 15 formed 1n one corner portion of the downside of

the bracket 13 of the battery unit 11 1s used.

For example, as shown 1n FIGS. 11A, 11B and 12, 1n the
parallel block 61, the battery units 11-1 to 11-3 are combined
to each other so that the respective chamiered portions 15-1
to 15-3 are in the same direction, thereby forming the
chamifered region 62. Moreover, in the module case 52,
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slope portions 63 depending on the slope of the chamifered
region 62 are formed, and the slope portions 63 are alter-
nately disposed by a length depending on the thickness of
three battery units 11.

In this manner, when storing of the parallel block 61 1n the
module case 52 1n an 1ncorrect direction 1s attempted by the
chamiered region 62 of the parallel block 61 and the slope
portion 63 of the module case 52, the corner portion of the
lower side of the parallel block 61 comes into contact with
the slope portion 63 of the module case 352. In this case, since
the parallel block 61 floats from the bottom surface of the
module case 52, the parallel block 61 1s not completely
stored 1n the module case 52. As a result, 1n the battery
module 51, terminals of the same poles being arranged
adjacent to each other by the parallel block 61 adjacent to
cach other 1s avoided.

Next, description will be given of a configuration 1n which
the battery units 11 are combined to each other 1n the same
direction upon configuring the parallel block 61 and the
mistake 1n the direction upon inserting the parallel block 61
into the module case 52 1s prevented with reference to FIGS.
13 to 16.

FIG. 13 shows a perspective view 1n which the battery
unmt 11 1s viewed from the front surface side and the rear
surface side, and an enlarged view of the upper corner
portion of the battery unit 11.

In the upper side of the front surface side of the bracket
13, a concave portion 71 1s formed 1n the left corner portion,
and a concave portion 72 1s formed in the right corner
portion. Furthermore, 1n the upper side of the rear surface
side of the bracket 13, a convex portion 73 1s formed 1n the
left corner portion, and a convex portion 74 1s formed 1n the
right corner portion. Thus, 1n the case of forming the parallel
block 61, when stacking the battery unit 11 1 a plane
direction, the convex portion 73 and the convex portion 74
of the other battery unit 11 are inserted into the concave
portion 71 and the concave portion 72 of one battery unit 11.
Furthermore, a transverse deviation of the concave portion
71 after overlapping by the longitudinal rib 1s prevented.

For example, as shown in FIG. 14A, when the battery
unts 1-1 to 11-3 are the same direction, the convex portions
73-2 and 74-2 of the battery unit 11-2 are inserted into the
concave portions 71-1 and 72-1 (although they are not
shown, they are formed on the back side of the convex
portions 73-1 and 74-1) of the battery unit 11-1. Similarly,
the convex portions 73-3 and 74-3 of the battery unit 11-3
are inserted into the concave portions 71-2 and 72-2 (al-
though they are not shown, they are formed on the back side
of the convex portions 73-2 and 74-2) of the battery unit
11-2.

In this manner, 1n the case where the battery units 11-1 to
11-3 are in the same direction, upon stacking them in the
plane direction, since the respective concave portions 71 and
72 are engaged with the convex portions 73 and 74, 1t 1s
possible to configure the parallel block 61 such that the
transverse deviation 1s not generated 1n the battery unmts 11-1
to 11-3.

On the contrary, as shown in FIG. 14B, 1n a case where
the direction of the battery umit 11-3 1s different, the concave
portions 71-3 and 72-3 of the battery unit 11-3 face the
concave portions 71-2 and 72-2 (although they are not
shown, they are formed on the back side of the convex
portions 73-2 and 74-2) of the battery umt 11-2. Thus, even
when the battery units are stacked in the plane direction in
this state, since the battery units 11-2 and 11-3 are not
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engaged with each other and are not rigidly fixed to each
other, the battery unit 11-3 transversely slides with respect to
the battery unit 11-2.

Thus, when the direction of the battery unit 11-3 1s
different, the battery blocks are not assembled as the parallel
block 61, and the terminals being connected 1n the state of
the wrong direction 1s avoided.

Furthermore, FIG. 15 shows an example of the case where
the parallel block 61 i1s inserted into the module case 52 in
a correct direction.

As shown 1n the left side of FIG. 15, when inserting the
parallel block 61 1n a correct direction, as shown 1n a right
enlarged view of FIG. 15, the convex portion 73 of one
bracket 13 1s parallel to the convex portion 74 of the other
bracket 13 by the parallel blocks 61 adjacent to each other.
In this manner, when the direction of the parallel block 61
1s correct, the parallel block 61 1s 1nserted into the module
case 52 so that the convex portion 73 does not interfere with
the convex portion 74.

Meanwhile, FIG. 16 shows an example of the case where
the parallel block 61 is inserted into the module case 52 in
the wrong direction.

As shown 1n the left side of FIG. 16, when inserting the
parallel block 61 1n the wrong direction, as shown 1n a right
enlarged view of FIG. 16, the convex portions 73 and 74 of
the bracket 13 of the parallel block 61 to be inserted come
into contact with the upper surface of the adjacent battery
unit 11. As a result, the parallel block 61 of the wrong
direction being inserted 1s prevented.

In this manner, 1n the battery unit 11, the concave portions
71 and 72 and the convex portions 73 and 74 formed in the
bracket 13 are configured so as to have both of a function of
avoiding the battery cells 12 being combined with each other
in the different direction upon stacking the battery cells 12
in the plane direction, and a function of avoiding the parallel
block 61 being mserted in the different direction when
storing the parallel block 61 1n the module case 52 from the
upper direction.

In addition, in the battery unit 11, in addition to the
insertion prevention in the wrong direction using the cham-
fered region 62 as described with reference to FIGS. 11A,
11B, and 12, the insertion 1n the wrong direction 1s prevented
by the use of the convex portions 73 and 74 formed 1n the
bracket 13. In this manner, by taking a plurality of preven-
tion measures, the terminals of the parallel blocks 61 being
erroneously connected to each other 1s prevented, whereby
the battery unit 11 can be further safely used.

Next, FIG. 17 1s a perspective view that shows a modified
example of a battery unit of a first embodiment.

A battery umt 11' shown 1n FIG. 17 has two battery cells
12-1 and 12-2 similar to the battery unit 11 of FIG. 1.

In the battery unit 11', an output terminal 81-1 1s electri-
cally connected to the upper surface of the terminal 31-1 of
the bus bar 14-1, and an output terminal 81-2 1s electrically
connected to the upper surface of the terminal 31-2 of the
bus bar 14-2. The output terminals 81-1 and 81-2 are used
in connecting the battery unit 11' with an external device by
an electric cable or the like and outputs the electric power
accumulated 1n the battery unit 11' to the external device. For
example, the output terminals 81-1 and 81-2 are rod-like
members formed with screw grooves, and can {ix an electric
cable with an O type crimping terminal mounted thereon by
the use of a nut.

Furthermore, 1n the battery unmit 11', wall portions 82-1
and 82-2 are formed near both ends of the upper surface of
the bracket 13'. The wall portion 82-1 has an approximate U
shape that 1s opened 1n a right side surface direction of the
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bracket 13' when viewed from the upside, and 1s formed so
as to surround the terminal 31-1 of the bus bar 14-1 {from
three sides 1n the state in which the bus bar 14-1 1s mounted
on the bracket 13'. Similarly, the wall portion 82-2 1s also
formed so as to surround the terminal 31-2 of the bus bar
14-2 from three sides. By the wall portions 82-1 and 82-2
formed 1n this manner, the movements of the terminals 31-1
and 31-2 can be restricted.

Next, a configuration will be described 1n which a cooling
case 1s mounted on the battery unit 11' based on FIG. 18.

As shown 1 FIG. 18, a cooling case 92-1 1s mounted on
the front surface side of the battery unit 11' via a heat
conduction sheet 91-1, and a cooling case 92-2 1s mounted
on the rear surface side of the battery unit 11' via a heat
conduction sheet 91-2.

The cooling cases 92-1 and 92-2 are formed, for example,
by bending an end portion of a thin metal plate such as
aluminum. Moreover, the cooling cases 91-1 and 92-2 have
shapes that cover the front surface and the rear surface of the
battery unit 11' and cover the bottom surface of the battery
unit 11' 1n the state 1 which the cooling cases 92-1 and 92-2
are combined with each other.

Furthermore, 1n order that a gap 1s not generated between
the cooling case 92-1 and the battery cell 121, the cooling
case 92-1 and the battery cell 121 come into close contact
with each other by the heat conduction sheet 91-1. Similarly,
the cooling case 92-2 and the battery cell 122 come to
close contact with each other by the heat conduction sheet
91-2. As a result, the heat garneted 1n the battery cells 12-1
and 12-2 1s eflectively transferred and radiated to the cooling
cases 92-1 and 92-2 via the heat conduction sheets 91-1 and
91-2.

Furthermore, when adopting a configuration in which the
cooling cases 92-1 and 92-1 are mounted to the battery unit
11", 1t 1s necessary that a portion between the cooling cases

92-1 and 92-2 and the bus bar 14-1 (including the electrode
terminals 21-1 and 22-2 to be welded to the bus bar 14-1) 1s
insulated and a portion between the cooling cases 92-1 and
92-2 and the bus bar 14-2 (including the electrode terminals
21-1 and 22-2 to be welded to the bus bar 14-2) 1s insulated.
For that reason, the insulation sheets 93-1 and 93-2 having
ductility are used.

That 1s, the 1mnsulation sheets 93-1 are bent 1n an approxi-
mate U shape so as to follow the right side surface portion
of the battery unit 11' to cover the bus bar 14-1 and are
interposed between the bus bar 14-1 and the cooling cases
92-1 and 92-2. Similarly, the insulation sheets 93-2 are bent
in an approximate U shape so as to follow the left side
surface portion of the battery unit 11' to cover the bus bar
14-2 and are imterposed between the bus bar 14-2 and the
cooling cases 92-1 and 92-2.

Furthermore, 1 order to fix the cooling cases 92-1 and
02-2 and the insulation sheets 93-1 and 93-2, side covers
94-1 and 94-2 are mounted on both side surfaces of the
battery unit 11'.

The side cover 94-1 has an approximately L shape that
covers a part (for example, the terminal 31-1 of the bus bar
14-1 other than the output terminal 81-1) of the rnight side
front surface of the battery unit 11' and the upper surface of
the battery unit 11'. Furthermore, the side cover 94-2 also has
an approximately L shape. Furthermore, the side covers 94-1
and 94-2 are formed with claw portions for fixing the
cooling cases 92-1 and 92-2 as described later with reference
to FIGS. 20A and 20B.

Furthermore, as shown in FIG. 18, the cooling cases 92-1
and 92-2 are members having the same shape. Moreover, the
cooling cases 92-1 and 92-2 are formed 1n the shape that
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covers the bottom front surface of the battery unit 11' in the
state 1n which the cooling cases 92-1 and 92-2 are combined
with each other without covering the bottom front surface of
the battery unit 11'.

Next, FIGS. 19A and 19B show the battery unit 11' of the
state 1n which the cooling cases 92-1 and 92-2 are mounted.
FIG. 19A shows the battery unit 11' of the single body, and
FIG. 19B shows the state in which four battery units 1F-1 to
11'-4 are arranged.

Next, as shown in FIG. 19A, the battery unit 11' 1s 1n the
state 1n which the front surface side, the rear surface side,
and the bottom surface side thereof are covered with the
cooling cases 92-1 and 92-2. For example, when the bracket
13" 1s formed of resin, the heat generated 1n the battery cells
12-1 and 12-2 1s barely radiated from the bottom surface side
of the battery unit 11'. On the contrary, the cooling cases
92-1 and 92-2 cover the bottom surface side of the battery
unit 11', whereby the heat generated 1n the battery cells 12-1
and 12-2 1s easily radiated from the bottom surface side of
the battery unit 1F via the cooling cases 92-1 and 92-2.

Particularly, as shown in FIG. 19B, 1n the state in which
the plurality of battery units 11' are arranged, by cooling the
plane formed of the bottom surfaces of the battery units 11'-1
to 11'-4, all of the battery unmits 11'-1 to 11'-4 can be
ellectively cooled. For example, by placing the plurality of
battery units 11' on a cooling mechanism (not shown), the
battery units 11' can be effectively cooled while reducing the
volume thereof.

That 1s, by adopting the thin plate of a material having
high thermal conductivity as the cooling cases 92-1 and
92-2, 1t 1s possible to suppress that the volume of the battery
unit 11' 1s increased. In addition, by performing the heat
radiation from the bottom surface of the battery unit 11' by
the cooling cases 92-1 and 92-2, the cooling efliciency can
be 1mproved.

Next, a structure will be described which fixes the cooling
cases 92-1 and 92-2 with reference to FIGS. 20A and 20B.

FIG. 20A shows a left side portion of the battery unit 11'
in the state in which the cooling cases 92-1 and 92-2
interposes the battery unit 11' therebetween and before the
side cover 94-2 1s mounted thereon. Furthermore, FIG. 20B
shows an enlarged view of an upper portion of the battery
unit 11' shown 1n FIG. 20A.

In the cooling cases 92-1 and 92-2, claws portions are
formed 1n three places of both side ends thereof, respec-
tively, and the claw portions are bent so as to be disposed on
the side surface of the battery unit 11' 1n the state of being
mounted on the battery unit 11'. Moreover, In the claw
portions of the cooling cases 92-1 and 92-2, engagement
holes are formed, respectively. Furthermore, i the side
covers 94-1 and 94-2, claw portions are formed 1n the places
corresponding to the engagement holes formed in the claw
portions of the cooling cases 92-1 and 92-2, respectively.

For example, the engagement holes of the cooling cases
92-1 and 92-2 are formed on the tip end side of a white arrow
shown 1n FIG. 20A, and the claw portion of the side cover
94-2 1s formed on the proximal end side of the white arrow.

That 1s, when the side cover 94-2 1s mounted on the
battery unit 11' from the left surface side of the battery unit
11' toward a direction of the white arrow, as shown 1n FIG.
20B, a claw portion 97 formed in the side cover 94-2 is
inserted 1s mserted into an engagement hole 96 of a claw
portion 95 formed 1n the cooling case 92-1, and the claw
portion 97 and the engagement hole 96 are engaged with
cach other. Sitmilarly, although it 1s not shown, another claw
portion of the side cover 94-2 i1s engaged with another
engagement hole of the cooling cases 92-1 and 92-2. Fur-
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thermore, 1n the right side portion of the battery umt 11', the
claw portion of the side cover 94-1 1s engaged with the
engagement holes of the cooling cases 92-1 and 92-2.

As a result, the side covers 94-1 and 94-2 can reliably fix
the cooling cases 92-1 and 92-2 to the battery unmt 11"

Furthermore, by adopting a structure 1n which the cooling
cases 92-1 and 92-2 are mounted so as to interpose the
battery umt 11' therebetween, for example, 1t 1s possible to
cope with the expansion of the battery cell 12. That 1s, 1t 1s
possible to adopt a configuration 1n which the side covers
94-1 and 94-2 are slightly moved so as to be opened 1n the

width direction according to the expansion of the battery cell
12.
As described with reference to FIGS. 4A and 4B, the

battery unit 11 has a structure im which the bracket 13
protects the battery cells 12-1 and 12-2. Similarly, the
battery unit 11" has a structure 1n which the battery cells 12-1
and 12-2 are protected, and the bracket 13' and the side

covers 94-1 and 94-2 protect the end surfaces of the cooling

cases 92-1 and 92-2.

A protective structure 1n the battery unit 11' will be
described with reference to FIGS. 21A and 21B.

FIG. 21A shows a front view of the battery unit 11', and
FIG. 21B shows an enlarged view of an upper end portion
in the cross-sectional view 1n the direction of the arrow
XXIB-XXIB shown in FIG. 21A.

As shown 1n FIG. 21B, the bracket 13' 1s formed so that
the battery cells 12-1 and 12-2 are mounted and the outer
peripheral wall 24 of the upper surface side 1s raised on both
sides by a gap d3 further than the dimension D 1n the
thickness direction in the state in which the cooling cases
92-1 and 92-2 are mounted. For example, the depth from the
surface of the outer peripheral wall 24 of the upper surface
side of the bracket 13' to the rib portion 25 1s designed so as
to become a dimension (furthermore, in the case of using the
double-sided tape 16 (FIG. 2), a dimension considering the
thickness of the double-sided tape 16) in which the gap d3
1s added to the thickness dimensions of the battery cell 121
and the cooling case 92-1. Similarly, the depth from the back
surface of the outer peripheral wall 24 of the upper surface
side of the bracket 13' to the rib portion 25 1s also designed
so0 as to be a dimension 1n which the gap d3 1s added to the
thickness dimensions of the battery cell 122 and the cooling
case 92-2.

Furthermore, the thickness direction (thickness direction
when viewed as a whole of the battery unit 11') of the side
covers 94-1 and 94-2 1s also designed so as to be a dimension
in which the gap d3 1s added to both side surfaces of the
dimension D mentioned above like the outer peripheral wall
24 of the upper surface side of the bracket 13'.

In this manner, by designing the dimension of the outer
peripheral wall 24 of the upper surface side of the bracket 13
and the dimensions the side covers 94-1 and 94-2, the upper
end surfaces and the left and right end surfaces of the
cooling cases 92-1 and 92-2 can be covered with the bracket
13' and the side covers 94-1 and 94-2. As a result, 1t 1s
possible to protect the end surfaces of the cooling cases 92-1
and 92-2 from stress or shock from the outside.

Furthermore, since the whole outer peripheral surfaces of
the battery cells 12-1 and 12-2 can be surrounded by the
bracket 13' and the cooling cases 92-1 and 92-2, the battery
cells 12-1 and 12-2 can be reliably protected from the
outside.

Next, FIG. 22 1s an exploded view that shows a configu-
ration example of a second embodiment to which an
embodiment 1s applied.
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A battery unit 101 1s common to the battery unit 11 of
FIG. 2 1n that the battery cells 12-1 and 12-2, bus bars 14-1

and 14-2, and the double-sided tapes 16-1 and 16-2 are

included. Meanwhile, the battery unit 101 1s different from
the battery umit 11 1n that a bracket 102 having a configu-
ration different form that of the bracket 13 1s included.

The bracket 102 of the battery unit 11 1s integrally
configured, meanwhile the bracket 102 of the battery unit
101 1s configured so that the bracket parts 103 and 104 and
the aluminum corrugation 105 are combined with each
other.

The bracket parts 103 and 104 are formed 1n a shape in
which the rib portion 25 1s excluded from the bracket 13 and
the bracket 13 1s divided into two parts in the center in the
thickness direction. By combining the bracket parts 103 and
104, the bracket parts have approximately the same shape as
that of the outer peripheral wall 24 of the bracket 13.

The aluminum corrugation 103 1s a member that 1s formed

of a thin plate of aluminum, has the same thickness as that
of the rib portion 25 of the bracket 13, and a channel 1s
provided inside thereof through which a refrigerant (for
example, air, water or the like) 1s circulated. That 1s, as
shown 1 FIG. 23, the aluminum corrugation 105 1s config-
ured so that an aluminum wave plate 11-3 1s nterposed
between two aluminum flat plates 111 and 112.

The bracket parts 103 and 104 are combined with each
other with the aluminum corrugation 105 configured 1n this
manner interposed therebetween, whereby the bracket 102
having a path, through which the refrigerant 1s circulated
between the battery cells 12-1 and 12-2, 1s configured.

Furthermore, in the battery unit 101, a double-sided tape
1s used which adopts a material (a heat conduction sheet) of
high thermal conductivity as the double-sided tapes 16-1 and
16-2. In addition, the double-sided tapes 16-1 and 16-2 can
have a shape 1n which the whole surfaces of the battery cells
12-1 and 12-2 are attached to the aluminum corrugation 105.

Moreover, as shown i1n FIG. 24, the bracket 102 1s
configured so that a channel of the aluminum corrugation
105 penetrates through the bottom surface and the upper
surface of the battery unit 101. As a result, by circulating the
refrigerant from the bottom surface of the battery unit 101 to
the upper surface thereot, it 1s possible to eflectively dis-
charge the heat generated 1n the battery cells 12-1 and 12-2,
which come 1nto close contact with the aluminum corruga-
tion 105 via the double-sided tapes 16-1 and 16-2, to the
outside.

Furthermore, by setting the thickness of the aluminum
corrugation 105 to about the same thickness (for example,
about 0.8 mm) as that of the rib portion 25 of the bracket 13,
it 1s possible to configure the battery unit 101 without
increasing the volume from the battery unit 11. That 1s, 1t 1s
possible to realize the battery unit 101 having the improved
cooling performance while reducing the whole volume.

In addition, 1f a material has high thermal conductivity
and can circulate the refrigerant, the aluminum corrugation
105 1s not limited to the configuration as shown in FIG. 23.
Furthermore, the bracket 102 may be integrally formed by
performing an insert molding of the aluminum corrugation
105 other than the configuration in which the aluminum
corrugation 1035 is interposed between the bracket parts 103
and 104.

Next, a configuration will be described 1n which the
terminals 31 of the respective battery units 11 are connected

to each other when combining the plurality of battery units
11 to configure the battery portion 54 (see FIG. 9) with
reterence to FIGS. 25 to 29B.
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FIG. 25 shows the state in which the rubber sheet portion
53, the battery portion 54, and the electric part portion 57 are
combined with each other in the configuration of the battery
module 51 described based on FIG. 9.

As mentioned above, 1n the battery portion 34, the parallel
block 61 (FIG. 10) with three battery units 11 connected in

parallel 1s connected 1n series to configure the battery
portion 54, and the terminals 31 of six battery units 11 are
clectrically connected.

As a method of electrically connecting the plurality of
terminals 31, for example, there 1s a method of interposing
the plurality of terminals 31 by the metal plate material in
the vertical direction and fixing the metal plate material by
the use of a screw. On the contrary, in the battery module 51,
a method 1s adopted which electrically connects the plurality
of terminals 31 by the use of a connector 121 having a
structure that 1s capable of being mounted on the plurality of
terminals 31 by one touch.

FIG. 26 A shows an enlarged view of an elliptical portion
shown 1n FIG. 25, and FIG. 26B shows a perspective view
of the connector 121.

FIG. 26 A shows a portion 1n which six battery units 11 A
to 11F are connected by the connector 121, and a connection
configuration 1s provided in which the terminals 31A to 31C
of the positive side of the battery units 11A to 11C are
connected in parallel, the terminals 31D to 31F of the
negative side of the battery units 11D to 11F are connected
in parallel, the terminals 31A to 31C of the positive side of
the battery units 11A to 11C and the terminals 31D to 31F
of the negative side of the battery umts 11D to 11F are
connected 1n series.

As shown in FIG. 26B, 1n the connector 121, the insertion
portions 123A to 123F are formed 1n the places correspond-
ing to the terminals 31A to 31F, and the terminals 31 A to 31F
are 1nserted into the insertion portions 123A to 123F,
whereby the terminals 31 A to 31F are electrically connected
to each other in the mner portion of the connector 121.

Furthermore, as shown in FIG. 26 A, a stopper bar 122 for
locking the connector 121 is provided. Both ends of the
stopper bar 122 are able to be fixed to the battery units 11 A

and 11F, whereby a worker pushes the connector 121 1n a
direction 1n which the terminals 31 A to 31F are inserted into
the insertion portions 123A to 123F of the connector 121,
and then locks the rear surface (a surface of an opposite side
of the surface formed with the nsertion portions 123A to
123F) of the connector 121 by the stopper bar 122, thereby
mounting the connector 121.

In this manner, 1t 1s possible to concurrently realize the
parallel connection of the terminals 31A to 31C, the parallel
connection of the terminals 31D to 31F, and the series

connection of the terminals 31A to 31C with the terminals
31D to 31F by the connector 121.

Furthermore, as shown 1n FIGS. 27A and 27B, the con-
nector 121 1s configured by assembling the metallic con-
nector 131 and the resin case 132. FIG. 27A shows a
perspective view 1n which the connector 121 1s viewed from
the upper surface side, and FIG. 27B shows a perspective
view 1n which the connector 121 1s viewed from the bottom
surface side.

In the metallic connector 131, a groove portion 133
depending on the thickness of the terminal 31 1s formed, and
a plurality of contact portions (not shown) 1s provided on the
upper and lower surfaces of the groove portion 133. The
plurality of contact portions of the metallic connector 131 1s
disposed so as to be able to come into contact with one
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terminal 31 at a plurality of points, and the metallic con-
nector 131 i1s electrically connected to the terminal 31 by
so-called multipoint contact.

The resin case 132 1s a case that houses the metallic
connector 131 so as to cover a portion other than the bottom
surface of the metallic connector 131, and the insertion
portions 123 A to 123F are formed at the height correspond-
ing to the groove portion 133 of the metallic connector 131.
Furthermore, claw portions 134-1 to 134-4 for holding the
stored metallic connector 131 are formed 1n the vicinity of
the bottom surface of the inner peripheral surface of the resin
case 132.

In this manner, by the configuration 1n which the metallic
connector 131 1s stored i1n the resin case 132, insulation
property relative to the outside 1s excellent and the stability
can be further improved.

Furthermore, the notch portions are formed for each of
insertion portions 123 A to 123F, whereby the connector 121
can be further strongly mounted on the bracket 13 by the use
of the notch portions.

Herein, FIG. 28A shows the vicinity of the insertion
portion 123 A of the connector 121 and FIG. 28B shows the
vicinity of the terminal 31A.

As shown 1n FIG. 28 A, the cutout portion 124 A 1s formed
on the lower side of the insertion portion 123A. Further-
more, as shown 1n FIG. 28B, a T-shaped rib 125 A 1s formed
on the lower portion of the terminal 31A of the upper surface
of the bracket 13A.

Moreover, as shown 1n FIG. 29A, by causing the connec-
tor 121 to slide toward the terminals 31A to 31F (along the
shown arrow), the terminal 31A 1s inserted into the insertion
portion 123 A and the T-shaped rib 125A 1s mserted into the
cutout portion 124A. In this manner, the T-shaped rib 125A
1s 1nserted 1nto the cutout portion 124A, whereby the con-
nector 121 1s fixed 1n a direction perpendicular to the shown
arrow, and then the connector 121 1s fixed 1n the direction of
the shown arrow by the stopper bar 122. As a result, the
connector 121 1s reliably fixed to the brackets 13A to 13F,
whereby the connector 121 can include further high vibra-
tion resistance.

In this manner, by the configuration 1n which the terminals
31A to 31F are connected using the connector 121 by one
touch, for example, as compared to a configuration that uses
a metal plate material, a screw or the like, the production
costs necessary for the assembling can be reduced. Further-
more, by adopting the multipoint contact in the metallic
connector 131, a stable contact resistance (conductivity) can
be obtained.

In addition, embodiments are not limited to the embodi-
ments mentioned above, and various changes can be made
within the scope of not departing from the gist.

It should be understood that various changes and modi-
fications to the presently preferred embodiments described
herein will be apparent to those skilled i the art. Such
changes and modifications can be made without departing
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from the spirit and scope and without diminishing 1ts
intended advantages. It 1s therefore intended that such
changes and modifications be covered by the appended
claims.

The application 1s claimed as follows:

1. A battery module comprising:

a plurality of battery units each comprising a pair of
terminals and a bracket that has an outer peripheral wall
portion, wherein the battery cells are mounted on the
bracket, the terminals of a pair of battery units define a
space therebetween, and the outer peripheral wall por-
tion of the bracket extends within the space; and

a connector comprising insertion portions and a metallic
groove portion,

wherein the pair of terminals are inserted into the inser-
tion portions and the plurality of terminals are electri-
cally connected to each other, and wherein same poles
of the pair of terminals are connected in parallel and
different poles of the pair of terminals are connected 1n
series by multipoint contact to the metallic groove
portion.

2. The battery module according to Claim 1, wherein the
bracket comprises a support body provided inside the outer
peripheral wall portion.

3. The battery module according to claim 2, wherein the
support body comprises a rib portion extending inward from
an iner side surface of the outer peripheral wall portion.

4. The battery module according to claim 2, wherein the
support body comprises a plate-shaped member 1n which a
distribution channel oi/for refrigerant 1s provided inside
thereof.

5. The battery module according to claim 4, wherein the
battery cell comprises a cell main body including opposing
first and second planar surfaces, and

the distribution channel extends parallel to at least one of
the first or second planar surfaces of the cell main body.

6. The battery module according to Claim 1, further
comprising at least one bus bar coupled to a side surface of
the bracket.

7. The battery module according to claim 1, wherein same
poles of the pair of terminals or different poles of the pair of
terminals selectively face each other.

8. The battery module according to claim 1, further
comprising at least two cooling cases surrounding the at
least two battery cells and the bracket,

wherein one cooling case 1s mounted on a side of one
battery cell, and the other cooling case 1s mounted on
a side of the other battery cell.

9. The battery module according to claim 8, further
comprising a heat conduction sheet provided between the
battery cell and the cooling case.

10. The battery module according to claim 1, wherein the
connector 1s capable of mounting the plurality of terminals
by one touch.
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